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Communicated by Joseph DePintoA current lawsuit by the DesMoinesWaterWorks against three upstream Iowa counties raises the prospect that
agricultural drain managers nationwide will bear greater responsibility to promote conservation practices that
protect downstream water quality. To date, however, an institutional and administrative approach for doing
so is lacking. A pilot program in southwestern Michigan introduced a new method for apportioning drain
management costs that rewards landowners who use conservation practices known to reduce sedimentation.
The logic of the program is that as each parcel deposits less sediment into a drain, the cost of maintaining that
drain will decline. We describe the program, review its performance relative to a number of criteria, and discuss
its prospects for replication elsewhere. Several Michigan drain commissioners have expressed interest in
replicating the approach which reduced participating landowners' drain assessments by 21 percent in the pilot
program. The details of the program are quite speciﬁc to the case in Michigan, but institutionally it offers a
way forward that could be applied widely.
© 2016 International Association for Great Lakes Research. Published by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Index words:
Incentive-based conservation
Voluntary conservation
Drain commissioner
Drain assessment
Best management practices
Des Moines Water WorksIntroduction
Developing workable solutions to limit nonpoint source water
pollution from agricultural landscapes has long been an area of concern
and a puzzle to policymakers. Agricultural runoff is known to impair
major water bodies in the United States from the Great Lakes (Correll,
1998; Conley et al., 2009) to the Chesapeake Bay (Pionke et al., 2000;
Boesch et al., 2001) to the Gulf of Mexico (Rabalais et al., 2002;
McIsaac et al., 2001), but for the most part policymakers have stopped
short of regulating agricultural pollution. Most growers in the United
States have the legal right to apply nutrients to their ﬁelds without
liability for downstream water pollution (Shabman and Stephenson,
2007; Rabotyagov et al., 2014). Growers typically have the right to
determine how they manage their land and some practices, like
conventional tillage, fall application of nutrients and others, can lead
to soil erosion and sediment- and nutrient-laden runoff. Such runoff is
a non-point source pollutant and thus not covered under the U.S.
Clean Water Act of 1972 (US EPA, 2015).
Accordingly, an array of government-funded Farm Bill programs
such as the Conservation Reserve Program (CRP) and Environmental
Quality Incentives Program (EQIP), have provided ﬁnancial incentives
to growers for voluntarily undertaking measures to address resourceeat Lakes Research. Published b
).concerns on the farm that might also control runoff (Claassen et al.,
2008; Segerson, 2013). These programs are costly and cap the total
number of acres that can be enrolled (CRP) or the total amount that
can be spent (EQIP) in order to meet budgetary constraints; over the
years steps have been taken to make themmore cost-effective through
improved targeting (Claassen et al., 2008). In the absence of laws
governing nonpoint source water pollution from agricultural lands,
such programs are likely to remain important. Despite these programs,
impairedwater quality continues to be an issue inmany predominantly
agricultural watersheds across the nation. Additional approaches at the
federal, state and/or local levels can augment existing programs to help
motivate farmers to adopt conservation practices to reduce water
pollution.
This article presents a case study of a pilot program in an agricultural
area of Van Buren County, Paw Paw, Michigan, to develop and test an
approach for incentivizing voluntary conservation in an agricultural
watershed. Like other water-abundant Midwestern US states, Michigan
has an administrative system in place to manage public drains (natural
or artiﬁcial creeks or ditches), to remove excess water from the
landscape so that it does not hamper public and private uses and
users such as roads, residences, businesses and farms. In Michigan this
function takes place primarily at the county level, where the county
drain commissioner is an elected ofﬁcial responsible for establishing,
improving andmaintaining county drains. A drainage district is a legally
delineated area of land from which excess water ﬂows into the samey Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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municipalities in a drainage district to cover drain project costs, which
include maintenance, construction and program administration.
Property owners and municipalities in a drainage district are legally
obligated to pay drain assessments when work is necessary for these
purposes.
In the case we present, the county drain commissioner linked drain
assessments to agricultural land management practices because the
way inwhich agricultural land ismanagedhighly inﬂuences the amount
of sediment-laden runoff entering the drain. In a departure from the
typical process, farmers in the pilot program received a lower assess-
ment if they utilized practices known to reduce sediment deposition
and runoff. Drainage districts beneﬁt from landowners' adoption of
those measures because they can reduce future drain maintenance
costs, but such measures also have broader environmental beneﬁts. In
particular, because sediment deposition is highly associated with runoff
and particulate phosphorus deposition (Brady and Weil, 1996; Sims
et al., 1998), reducing sedimentation lowers turbidity in local water-
ways and reduces other forms of water pollution downstream. Excess
sediment also impairs the quality of aquatic habitat by reducing levels
of dissolved oxygen and covering gravel and cobble on the bottom
of the stream important for spawning (Waters, 1995). Our objective
in presenting this case study is to explore the potential for drain assess-
ments to play an important role inmotivating farmers in predominantly
agricultural watersheds to adopt and maintain soil conservation
practices that can improve downstream water quality.
The case becomes particularly important in light of the current
lawsuit ﬁled by the Des Moines Water Works, the utility that provides
drinking water to the city of Des Moines, Iowa. The suit is against
three upstream counties that manage ten drainage districts that deposit
water into the Des Moines River, which supplies drinking water to Des
Moines (Jacobs and Weninger, 2015). The suit contends that through
the act of conveyance, the drainage systems in the three counties
convert nonpoint source pollutants (runoff from the farms) to point
sources (water from the drains), which in turn discharge nitrate
pollutants into the river that supplies drinking water to the city. The
lawsuit is scheduled to go to trial in 2017 (Des Moines Register, 2016).
Regardless of its outcome, it has generated a conversation about the
prospects for reinterpreting existing legislation such that it restricts
farmers' freedom to manage their land in a way that delivers runoff
and its associated pollutants to agricultural drains. The Van Buren
County case that we explore in this paper is designed to reduce
sediment deposition from farms whereas the Des Moines case focuses
on nitrate loads, which are linked to drainage rather than sedimenta-
tion. As such, the speciﬁcs of what the Paw Paw, MI program asks of
landowners are not necessarily of interest to the Des Moines case.
Rather, of interest here is the concrete example that the Paw Paw case
provides of linking drain assessments to management practices that
can protect water quality downstream.
Key features of effective voluntary conservation programs
Literature on agri-environmental conservation programs lists a
number of important principles and criteria for evaluating effectiveness
that we can use to assess the pilot program in Van Buren County. In this
article we address the following:
Cost-effectiveness in achieving the desired outcomes
The literature tends to focus on aspects of cost-effectiveness,
i.e. maximizing the environmental gains relative to the amount paid
to obtain them. There are two aspects of cost-effectiveness; one is that
it triggers actions that actually achieve the desired outcomes, and the
other is that expended program funds contribute to this objective at
the least possible cost per unit of environmental outcome achieved.Targeting
Projects that make payments for voluntary conservation measures
will bemore cost-effective if they target landswith the highest environ-
mental beneﬁts relative to the cost of enrolling those lands. Many
programs that pay for conservation behavior have been criticized
for failing to target payments in this way (Burton and Schwarz,
2013; Wünscher et al., 2008). Over the years, the CRP has improved
both environmental and cost targeting and this has led to strong
improvements in cost effectiveness (Claassen et al., 2008). CRP
participants are chosen on the basis of competitive bidding and
an index of environmental beneﬁts that their participation is expected
to yield. Winning bids are those with the greatest environmental
beneﬁt per dollar (Palm-Forster et al., 2016-in this issue). This means
that an expensive bid could be accepted if it were from a location that
was particularly important environmentally, or a bid could be accepted
even from a less environmentally important area if the cost was low
enough.
Additionality concerns the extent to which program payments
actually yield conservation outcomes beyondwhat would have accrued
without the program. Put differently, it means allocating funds to
environmental improvement investments that would not have been
made otherwise. Unfortunately, many conservation programs do not
operate in this way (e.g. Wünscher et al., 2008). In fact, additionality is
always a challenge in programs that pay for environmental behavior
change because it is impossible for program ofﬁcials to know in advance
who would make such investments even without payment and who
would not (Ferraro, 2008). Additionality can be increased but never
perfectly; it requires avoiding higher incentive payments than neces-
sary to encourage adoption (Wünscher et al., 2008; Smith et al.,
2009). Approaches for this include screening contracts and reverse
auctions designed to pay participants the minimum that they would
be willing to accept in exchange for undertaking the desired behavior
change (Ferraro, 2008; Wunder, 2007; Smith et al., 2009; Smith and
Weinberg, 2004).Paying for results, not just actions
Environmental programs typically pay people to undertake actions
rather than to achieve results. This is because actions are easily discern-
ible but it is difﬁcult to trace environmental improvement to actions,
particularly in the case of agricultural improvement in which actions
and impacts are separated by time and distance. Recent years have
seen growing interest in making a stronger effort to ensure that
payments contribute to actual results (Burton and Schwarz, 2013;
Matzdorf and Lorenz, 2010). Environmental targeting as discussed
above is an important element in ensuring that payments yield results
and not just actions. Improvements in environmental simulation
modeling capability and increased access to user-friendly modeling
interfaces are enabling better targeting and a better understanding of
the link between conservation actions and outcomes (Borah and Bera,
2004; Sowa et al., 2016-in this issue).Monitoring
Monitoring program activities and outcomes is difﬁcult but impor-
tant. It is difﬁcult not only because of the often invisible link between
actions and impacts, but also because of the high cost of physically
observing actions paid for by governmental programs. It is important
to ensure that program expenditures are effective, meaning they result
in the outcomes they are paying for. Adequate monitoring will result
most likely from a combination of paying for observable practices and
having the resources necessary to observe and verify them (Claassen
et al., 2008; Choe and Fraser, 1998).
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Transaction costs are the costs accompanying transactions other
than the price of the good or service being purchased. These include
administrative costs of establishing and executing contracts, for
example, as well as costs of monitoring compliance. Transaction costs
can be very high in incentive-based environmental programs and thus
can be an important constraint to cost effectiveness (Claassen et al.,
2008; Falconer, 2000). Among other things, the importance of minimiz-
ing transaction costs implies that a newprogrammatic effort to promote
conservation will be more viable if it operates through already existing
administrative and institutional infrastructure.
Fairness
Fairness is an important characteristic of a program even if its
relationship to cost effectiveness is indirect (Vatn, 2010; Wilson and
Howarth, 2002). Fairness is important for its own sake as a feature of
a program operating in a democratic society. Also, ultimately fairness
may be linked to cost effectiveness because if people do not believe a
program is fair they are unlikely to support its operation.
In short, the most effective voluntary conservation programs will
perform well on as many of these criteria as possible. We will examine
how the drain management approach, piloted in Van Buren County,
fares against these criteria in its efforts to reduce sediment deposition
from agricultural lands.
Method
In this article we describe the design, execution and results of
the pilot program in Van Buren County, Michigan. This research uses
the case study method (Yin, 2013; Gomm et al., 2006). Using our case
study, our objective is to explore the potential to utilize drain assess-
ments as a way to motivate landowners to voluntarily adopt and
continue to maintain agricultural conservation practices that can
improve downstream water quality.
We introduce drain management in Michigan and then document
the procedure that the case followed. We report the results of the case
and reactions to it by local farmers and by drain commissioners from
other counties in Michigan. We discuss its strengths and weaknesses
relative to the evaluation criteria laid out above, and we analyze its
prospects for effectively promoting conservation on a larger scale. Our
intention is to set the stage for further replication and examination of
the approach taken in the Van Buren County pilot project, not to offer
conclusive evidence that it will or will not be an important vehicle for
protection of water quality on a broader scale.
Drain management in Michigan
The Michigan Drain Code of 1956 governs the work of drain
commissioners; it declares that a landowner's drain assessment should
be proportional to the beneﬁt their land derives from the drain. Each of
Michigan's 83 counties may establish its own system to apportion
assessments across the landscape as long as it is consistent with the
principle of “beneﬁts derived” — the beneﬁt that a parcel derives from
the drain by being able to deposit runoff and the accompanying
sediment into it. This requires apportionment, i.e. the method by
which the overall project cost is divided among all the landowners
and municipalities in the drainage district. The Michigan Drain Code is
very ﬂexible, allowing drain commissioners to consider a wide variety
of factors when determining the beneﬁt a parcel derives from the
drain and thus the apportionment of the total drain project cost.
The amount that each parcel is assessed is based on the overall
project costs and how those costs are apportioned among all the
landowners in the project area. A project to establish or maintain a
drain affects the entire drainage district. Traditionally, to determinethe beneﬁt a parcel derives from the drain and calculate each
landowner's assessment, drain commissioners have considered only
static factors such as acreage, proximity to the drain and property tax
class. However, technological improvements, including models that
predict sediment deposition as a function of speciﬁc land characteristics
and land management practices (e.g. Borah and Bera, 2004), nowmake
it possible to developmore sophisticated approaches that better capture
how much each parcel is beneﬁtting from the drain. In effect, this
implies an evolution in drain assessments from charging a ﬂat rate to
an incremental rate, analogous to attachingwater and electricitymeters
to houses.
In fact, the beneﬁt a parcel derives from the drain may change over
time as the way in which the parcel is used and managed changes. For
example, land cover on a parcel can change from one year to the next
(e.g. pasture converted to row crops), which in turn changes the beneﬁt
the parcel derives from the drain; more drain maintenance is necessary
from the increase in sediment and runoff delivered to the drain.
Additionally, conservation practices such as cover crops, reduced tillage
and ﬁlter strips will reduce runoff and sediment deposition from a ﬁeld,
thus reducing the beneﬁt a parcel derives from the drain, but the use of
such practices changes over time.
If the beneﬁt a parcel derives from the drain changes from year
to year and apportionment depends on beneﬁts derived, then appor-
tionment should change aswell. If one parcel's portion of a drain project
cost falls, then by deﬁnition other parcels' portions – their share of the
total – must rise. In other words if the total project is analogous to a
pie, apportionment sets the size of each slice of the pie, and changing
the size of any given slice changes the amount remaining for all
the other slices. On the other hand, conceptually a landowner who
eliminates runoff and sediment from her ﬁeld would reduce future
costs to the whole system, in which case the overall project cost could
fall. Continuing the analogy, increased investment in conservation can
reduce the overall size of the pie. Landowners who invest in conserva-
tion could pay a smaller bill while others who did not invest could
continue to pay the same as previously.
Project costs and drain assessments may change from year to year
without notiﬁcation, but the Michigan Drain Code requires advertise-
ment and notice of a Day of Review when changes are made to the
apportionment, when the district boundaries are modiﬁed, or when a
new drainage district is created. During a Day of Review, property
owners and municipalities in a drainage district are invited to review
the efforts and costs of drain maintenance and establishment, as well
as the apportionment of those costs. They may provide comments and
request adjustments or clariﬁcation.The pilot project with revised drain apportionment formula
Located in southwestern Michigan, Van Buren County is primarily
rural and drains entirely to Lake Michigan. Agriculture is the dominant
land use and the climate, soils, and terrain make the county well suited
to the production of row crops, livestock, and specialty crops such as
peaches, grapes and blueberries. Many parcels in the area either have
tile drains or private surface ditches that deposit into the public drain.
(Data are not available regarding the extent of tile drains).
The case study included two drainage districts covering 23,208
acres, divided into 2485 parcels. Fifty-seven percent of the land is used
for agriculture (row crops, orchards, pastures, etc.), 34% is natural
(forest, shrubland, wetland, grassland, etc.), and 9% is developed. In
this context, developed refers to impervious surfaces such as roads,
driveways, parking lots and rooftops. These drainage districts supply
most of the water for Maple Lake, an important amenity in the Village
of Paw Paw, the county seat of Van Buren County. Nutrient-rich
sediment from upstream runoff has contributed to excessive weed
growth in Maple Lake, greatly diminishing its value to area residents.
The desire to encourage conservation practices that reduce downstream
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project.
The pilot program's primary objective was to develop and
implement an apportionment formula that provides a ﬁnancial
incentive for implementing conservation practices intended to reduce
sediment runoff and drain maintenance costs over time, and ultimately
improve water quality. There were three primary actors in the pilot
project. The Nature Conservancy facilitated the project and supplied
grant funding primarily from the Great Lakes Protection Fund; the Van
Buren County Ofﬁce of the Drain Commissioner implemented the
program; and the Van Buren Conservation District (VBCD) assisted in
developing a new apportionment formula to ensure that it accurately
and objectively estimated the beneﬁts derived by each parcel at the
time of assessment. It was critically important that the program made
sense to constituents and was legally defensible under the Michigan
Drain Code. The twomain innovations of this projectwere 1) to develop
an apportionment formula that captures management factors that the
landowner can control and that may change from year to year; and
2) to consider the costs the parcel imposes on the maintenance of the
drain as part of the beneﬁts it derives from the drain.
The project relied on a simulation modeling tool known as the Paw
Paw River Watershed Sediment Calculator in order to estimate the
beneﬁts a parcel derived from thedrain via runoff and sediment loading.
Developed by Michigan State University's Institute of Water Research,
the Sediment Calculator combines the Revised Universal Soil Loss
Equation (RUSLE) (Renard et al., 1997), which estimates erosion from
a given ﬁeld, with the Spatially Explicit Delivery Model (SEDMOD)
(Fraser, 1999), which uses a parcel's soil type, slope and proximity to
awaterway to estimate the portion of the eroded sediment that actually
enters nearby waterways. The Sediment Calculator uses a web-based
GIS interface inwhichusers can deﬁne theboundaries of aﬁeld or parcel
on the map and quickly estimate differences in erosion and sediment
loading under different management and land cover scenarios. It uses
the USDA Cropland Data Layer (years 2006–2009) to estimate land
cover. Spatial resolution is 10-meter by 10-meter pixels matching the
10-meter USGS DEMs used in the analysis. The initial version of the
Sediment Calculator covers only the Paw Paw River Watershed in Van
Buren County (www.iwr.msu.edu/sedcalc). An expanded and updated
version, now called the Great Lakes Watershed Management System
(GLWMS), covers the entire Saginaw Bay Watershed in central and
eastern Michigan (www.iwr.msu.edu/glwms). Both tools are publically
available.
In the pilot project, the total drain maintenance cost assessed to
landowners in 2014 was $21,682. This constituted about 70% of the
total project cost, with the remainder charged to several municipalities
and the Michigan Department of Transportation. Each landowner was
assessed a portion of that total landowner cost, calculated using a base
allocation plus a beneﬁt allocation.
The base allocation addresses the beneﬁts that each property within
a drainage district derives equally, including the administrative costs of
mailings, publications, staff time, etc. These costs are constant per parcel
regardless of the parcel size. The base allocation ($3.12 per parcel in one
district and $6.66 in the other) covered about 60% of the landowner
portion of the project cost in one district and 44% in the other district
because project costs were low in 2014. The portion of the project cost
funded by the base allocation can change or be eliminated depending
on project scope, district size and the inclination of the drain
commissioner.
The beneﬁt allocation depends on how each quarter-acre of land on a
parcel is used (land cover), how much it needs drainage (hydric soils)
and how it ismanaged (conservation practices). Use, need andmanage-
ment are different determinants of the extent to which a parcel derives
beneﬁts from the drain and puts demands on its management. By
inﬂuencing howmuch runoff and howmuch sediment a parcel deposits
into a drain, these factors determine how much a given parcel contrib-
utes to the cost of maintaining the drain. In the project the beneﬁtallocationwas calculated by analyzing data in a Geographic Information
System (GIS) and using the Sediment Calculator to estimate sediment-
loading changes. The three factors described below combine to provide
the basis for assigning the remaining project cost after the base
allocation.
Land cover (use factor)
Land cover is important because it greatly affects sediment delivery
and runoff on a parcel-speciﬁc basis. The project used the annually
updated National Cropland Data Layer to calculate the area of
each land cover type on every parcel within the drainage district.
Land cover was categorized into four general classes and assigned a
per-acre weighting factor based on differences in runoff and sediment
loading, as estimated using the Sediment Calculator:
• Natural (forest, shrubland, wetland, grassland, etc.) = 0.35
• Low Intensity Agriculture (pasture, hayland, tree crops, etc.) = 0.5
• Developed (residential, commercial, industrial, transportation, etc.) =
1.0
• High Intensity Agriculture (row crops, vegetables, berries, etc.) = 1.0
The weighting factors increase with the intensity of each land use
category and reﬂect themagnitude of beneﬁts from thedrainage system
to the land cover type. The project operated on the assumption that
developed and high intensity agricultural acres both receive the same
level of beneﬁt from the presence of a county drain. To determine the
weighting factors, the VBCD staff used the Sediment Calculator to
simulate the reduction in runoff and sediment loading from changing
land use on ten different ﬁelds in the area from high-intensity agricul-
ture to 1) low-intensity agriculture and 2) natural cover. The weighting
factors for natural (0.35) and low intensity agriculture (0.5) both
represent the mean value of proportional sediment runoff in the ten
simulations.
Hydric soil (need factor)
Hydric soils are found where wetlands are present or where they
were historically located. There is typically an increased need for drain-
age for agriculture or development that occurs on hydric soils because
they are too wet for these land uses without it. The project assigned
weighting factors to each land use and soil combination to reﬂect
how much the presence of drainage beneﬁted each combination.
Accordingly, each combination was assigned the following weighting
factors to address differences in beneﬁt related to soil type:
• Hydric soil (Natural Land Cover) = 0.7
• Upland soil (All Land Cover Types) = 0.7
• Hydric soil (Low Intensity Agriculture, Developed And High Intensity
Agriculture) = 1.0
The values for hydric soils were determined as follows. Using a
sample of 25 parcels in the area covered by at least 95% hydric soils,
the average state equalized value (in Michigan, the state equalized
value, used for tax assessments, is one-half of the appraised market
value of a property) was taken for 1) those parcels still under natural
land cover, and 2) those parcels that have been developed or used for
agriculture. The hydric soil parcels with natural land cover had an
average value of about 70% of the agricultural and developed hydric
soil parcels. This difference in value was attributed to drainage, with
the logic that without drainage it would be impossible for the land to
realize its higher potential value. Upland soils are considered to derive
comparable beneﬁt from the drain as hydric soils with natural land
cover; thus they share the same factor.
Table 1
Summary of program coverage, sediment reduction and assessment reductions in the Van
Buren County Pilot Project. Total sediment reduction was estimated using the Sediment
Calculator described in the test. Data from thePilot Project records of theVanBurenCounty
Ofﬁce of the Drain Commissioner.
Total acres in program area 23,852 acres
Total number of parcels in program area 2485
Total acres — cover crops 494.6 acres
Total acres — ﬁlter strips 12.7 acres
Total acres — no till 599.9 acres
Total Sediment Reduction+ 287 tons/year
Average assessment reduction per parcel w/certiﬁed BMPs $7.22
Minimum assessment reduction $0.22
Maximum assessment reduction $41.35
Total assessment reduction $303.10
1390 J.M. Kerr et al. / Journal of Great Lakes Research 42 (2016) 1386–1394Conservation practices (management factor)
The presence of conservation practices like ﬁlter strips, cover crops
and reduced tillage can signiﬁcantly decrease the amount of sediment
and runoff that enter a drain. Drain commissioners and representatives
of engineering ﬁrms whowork on drain management indicate that less
sediment and runoff entering the drain leads to lower drain mainte-
nance costs over time. The project developed a baseline management
factor of 1.0 and applied it equally to every parcel. Landowners were
then invited to enroll in a certiﬁcation program for conservation
practices being implemented on their land. The VBCD managed the
certiﬁcation program, which included verifying that the practice was
in place and estimating how much it reduces sediment loading. For
the portion of the parcel where conservation practices were in use
and met certiﬁcation requirements, the management factor was
reduced in proportion to the sediment load reduction beneﬁts. For
example, if the Sediment Calculator tool predicted a 40% reduction in
sediment load from implementing various conservation practices,
then the management factor was reduced from 1.0 to 0.6. Likewise, a
conservation practice reducing 20% of the sediment load received a
management factor of 0.8. Use of the Sediment Calculator made it
feasible for the drain commissioner to calculate apportionment based
on the predicted performance of conservation practices rather than
just the presence of the practices alone.
It is worth noting that whereas all three factors affect how much
sediment and runoff a parcel delivers into a drain, the conservation
practices (management factor) is a variable that the land user can
control to reduce its contribution to the cost of managing the drain.
This is the logic of reducing the assessment of landowners who take
steps to lower the value of their management factor. In principle the
landowner can also control the land cover (use) factor and to a lesser
extent the need factor, though such changes cannot easily be made
and are not likely to be driven by concerns about runoff and sedimenta-
tion or the drain assessment.
It is important to note that management factors were not allowed
to fall below 0.5 for High Intensity Agriculture acres and 0.7 for Low
Intensity Agriculture acres. Capping the management factor ensured
that an acre of a more intensive land use class (like Developed or High
Intensity Agriculture) was not allowed to score more favorably than
an acre of a less intensive land use class (like Natural or Low Intensity
Agriculture). For example, an acre of High Intensity Agriculture land
cover with conservation practices estimated to reduce 80% of the
sediment load should not score lower than an acre of Natural land
cover. While the pilot project covered only certain agricultural conser-
vation practices, urban stormwater management practices could also
be used to adjust the management factor applied to developed acres if
a certiﬁcation program with runoff reduction calculations were
developed.
During the pilot program, a grant from the Great Lakes Protection
Fund supported the efforts of the VBCD to develop and implement a
certiﬁcation program. VBCD met with interested landowners and
created a simple two-page certiﬁcation agreement that includes com-
pliance standards for ﬁlter strips, cover crops, grassed waterways,
mulch till and no till. Although these are some of the most common
conservation practices, they were selected because they were the only
ones that could be modeled with the Sediment Calculator. This is
important because it facilitates payment for likely outcomes of land
management practices, not just the presence of such practices. The
certiﬁcation agreement obligates the landowner or farm operator to
maintain the certiﬁed practice for one growing season and gives the
VBCD permission to share the informationwith the County Drain Ofﬁce.
There are a number of reasons behind certifying a conservation
practice for only a single season. The drainage districts in the pilot
program typically are assessed annually, so the certiﬁcation covers
only the growing season during which the apportionment is calculated.
This means that there is no implicit expectation that the landowner willmaintain the practice beyond the current year. This approach is also
advantageous because it provides ﬂexibility for the landowner to try
new things without a long-term commitment. On the other hand it
implies the need to reset the apportionment every year as parcels
change their practices.
It is important to note that existing conservation practices qualiﬁed
for certiﬁcation regardless of whether or not they existed prior to the
pilot project. The logic is clear: if the conservation practice reduces
sedimentation into the drain it is reducing the cost of drain mainte-
nance, regardless of when it was put in place.
Pilot project results
In February 2014, the County Drain Ofﬁce notiﬁed 345 agricultural
landowners within the pilot project area that their drain assessment
could be reduced if they certiﬁed their existing or newly adopted
conservation practices with the VBCD. The pilot program was also
promoted at three farmﬁeld-day events and a regional farm conference.
In September 2014 landowners were notiﬁed of the change in appor-
tionment through a Day of Review notice mailed to each landowner in
the drainage district.
After the new assessment methodology was announced, the VBCD
worked with individual landowners to certify 600 acres of no-till,
495 acres of cover crops, and 12.7 acres (or 3105 linear feet) of ﬁlter
strips on 43 parcels. These landowners saved an average of 21% on
their drain assessments by utilizing conservation practices that
prevented a total of approximately 192 tons of sediment from entering
the drain annually (as predicted by the Sediment Calculator). An
example from the pilot project is as follows. A 66-acre agricultural
parcel using 2.5 acres of buffer strips and 53 acres of no-till was
estimated to have reduced its sediment loading by 25 tons per year or
about 72%. Because of these practices, this parcel was charged $53.40
for its assessment as opposed to $94.75 if the parcel had not used
those practices or if the drain apportionment methodology had not
considered management practices.
Because the landowner portion of the total drain project costs were
low during the pilot program ($21,682.74 in the two districts
combined), overall assessment reductions were minimal, ranging from
$0.22 to $41.35. Table 1 summarizes the program's coverage, the
reduction in sediment deposited into the drain, and the reduction in
assessment to participating farmers.
Whereas the 2014 pilot program involved very low project costs,
some recent examples from Van Buren County demonstrate the
implications for more typical drain maintenance projects. In the
medium-sized Cranberry Drain maintenance project with an overall
assessment to landowners of about $31,000, the average assessment
per parcel was $146, ranging from $60 to $416. Taking for illustrative
purposes the 21% average reduction in assessment in the 2014 pilot
program, landowners in the Cranberry Drain would be able to save an
average of about $31, or about $13 to $87 per parcel if a program were
available to them to reduce their assessment in exchange for adopting
1391J.M. Kerr et al. / Journal of Great Lakes Research 42 (2016) 1386–1394conservation measures. The medium-sized Kidney Drain project shows
similar numbers; the average assessment per parcel was about $165,
ranging from $100 to $801. In this case a 21% reduction would translate
to an average of about $35, ranging from $21 to $168.
Landowners responded well to the 2014 pilot program. Approxi-
mately 20 people attended the Day of Review to ask questions about
their assessments. Most of the questions centered onwhy their proper-
ty was being assessed and how the amount was determined. The new
apportionment factors were especially helpful for explaining assess-
ments to landowners whose parcels contribute less directly to the
drain, such as those who own residential property not adjacent to the
drain or forested land used for hunting. The Drain Commissioner was
able to explain to these people that their assessment was lower than
others in the district because it was based on the amount of sediment
and runoff the land was expected to produce.
The VBCD also talked to farmers about the program while it was
being developed. One large grain and vegetable farmer who uses
cover crops and buffer strips said that his drain assessment should be
lower per acre than that of his neighbor who he believes contributes a
lot of sediment to the drain with his tillage and management practices.
Another farmer who grows grain on muck soils said that even though
his assessment would likely increase, he felt it was fair to use land
cover, management and the need for drainage to determine assessment
amounts.
The Van Buren County Drain Commissioner plans to continue and
expand the coverage area of the new apportionment methodology
in the future. The VBCD will continue to perform the GIS land cover
analysis and conservation practice certiﬁcation as part of a comprehen-
sive drain inspection program. The cost of these services will be includ-
ed in the total drain project costs of the drainage districts where this
apportionment method is utilized.
The new assessment methodology and the results of this pilot
project were presented at the 2015 Winter Meeting of the Michigan
Association of County Drain Commissioners. Sixty-seven members of
the audience participated in a survey, including 30 individuals who
were either Drain Commissioners or Drain Ofﬁce staff. Survey respon-
dents were self-selected so the survey results are not intended to be
representative of drain commissioners and drain ofﬁce staff in the state.
The results indicate that 67% of drain commissioners and drain ofﬁce
staff who participated in the survey agreed that conservation practices
that reduce sediment and runoff should be considered when determin-
ing assessments. Nineteen percent disagreed and the remaining 14%
responded “maybe.” Fig. 1 shows that 76% indicated they would be
“very interested” or “somewhat interested” in at least considering
implementing a similar strategy in their own county. Participants iden-
tiﬁed Days of Review (56%), fear of legal challenges (39%), and lack of aFig. 1. Drain commissioner and drain ofﬁce staff responses regarding interest in
implementing the approach of the Van Buren County pilot project. Data are from a self-
selected, non-representative sample of 27 drain commissioners and their ofﬁce staff at
the 2015 Annual Winter Meeting of the Michigan Association of County Drain
Commissioners in Traverse City, Michigan, February 12, 2015.conservation practice certiﬁcation program (36%) as the biggest
obstacles to implementing such a program in their county. Fourteen
percent indicated they do not see any obstacles to implementing a
similar program. (Percentages exceed 100% because respondents were
asked to list two potential obstacles).
Discussion
The Van Buren County pilot project turns the standard voluntary
conservation approach on its head in the sense that instead of offering
farmers a payment in exchange for implementing conservation
measures, it is offering them a reduction in the amount they must pay
for drain management in exchange for implementing conservation
measures. The logic behind this reduction is clear due to the established
link between such measures and the cost of maintaining the drain that
helps support their farming operation. Utilizing new modeling and
information technology, the piloted apportionment approach links the
pressure farmers put on the drain to the amount they pay to help
support drain maintenance.
Evaluating the effectiveness of the pilot project
We are now in a position to examine the new drain apportionment
approach relative to the criteria presented above for effectiveness of
voluntary conservation programs. We offered the following criteria:
cost-effectiveness in achieving the objective of reducing sediment
deposition into the drain, targeting, additionality, paying for results
rather than just actions, monitoring, minimizing transaction costs, and
fairness.
It is important to keep inmind that this is only a pilot project testing a
new apportionment formula in a small project with small assessments
and thus small potential reductions. Also, the beneﬁts from implementing
amore accurate apportionment formula would emerge over a number of
years, but we have data only from the ﬁrst year. Thus in this section we
evaluate both the effectiveness of theﬁrst year of the pilot project per se
and the approach that it took more generally as we consider the impli-
cations of expanding it more widely.
Targeting and paying for results
The use of the Sediment Calculator and weighting in the apportion-
ment formula foruse, needandmanagement factors facilitate1) targeting
and 2) paying for performance by linking each farmer's assessment to
that farmer's likely contribution of sediment to the drain. The Sediment
Calculator makes it possible to develop a reasonable estimate of the
sediment contribution to a drain for a given parcel with a given set of
practices, and the weighting factors operationalize the connection
between pressure on the drain and the apportionment. As such, there
was excellent targeting in the Van Buren County pilot project. Expansion
of the pilot project approach could be limited by the fact that the
Sediment Calculator and its successor the Great Lakes Watershed
Management System only cover limited areas in the Great Lakes basin,
but the technology can easily be expanded to additional geographical
areas if there is demand for it.
It is important to note that paying for performance is still a work in
progress, both in this project and in virtually allwatershedmanagement
projects, because of limited ability to actually measure sediment depo-
sition over a large scale. Modeling tools such as the Sediment Calculator
and the Soil and Water Assessment Tool (SWAT) (Arnold et al., 1998;
Arnold and Fohrer, 2005) allow us to estimate the impact of a given
conservation practice on actual outcomes, but such tools are still
evolving. For example, the Sediment Calculator can only estimate the
impacts of certain practices as discussed above; a farmer who wanted
to use a practice that the Sediment Calculator cannot handle would
not qualify under the program. This directly contradicts one of the key
principles of paying for performance which is to allow land users to
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their own, perhaps more cost-effective approaches (Burton and
Schwarz, 2013). Where measuring or estimating effectiveness relies
on modeling, modeling tools will have to evolve to incorporate new
possible conservation approaches.
Additionality
As introduced above, according to the additionality criterion,
environmental improvement projects should not pay landowners for
conservation practices that they would have undertaken even without
payment. From this perspective, it may appear contradictory that in
the Van Buren County pilot project a landowner's apportionment is
reduced if certain conservation practices are in place, even if those
practices predated the program. It implies that for the pilot program
there may not actually be any additionality given that it did not neces-
sarily induce any new conservation behavior. However, the critically
important point here is that, if the new apportionment formula
becomes standard, it will provide an incentive for landowners to
adopt new conservation practices going forward. As conservation
measures are adopted on a larger land area, the amount of sediment
entering the drain should decline and the cost of maintaining the
drain should decline for all.
Monitoring
Participation of the VBCD was essential for adequate monitoring in
the pilot project in Van Buren County through its certiﬁcation program
for conservation practices. Others besides the Conservation District
could easily play this role; for example, engineering ﬁrms that often
perform work for drain commissioners could do this work, or certiﬁed
crop advisors or other consultants. Regardless of whom, someone
needs to play the role of monitoring that conservation practices are in
place and to estimate their impact on sedimentation using simulation
tools.
Transaction costs
Because this program ﬁts into work that the Ofﬁce of the Drain
Commissioner and the VBCD are already doing, little new administra-
tive infrastructure is required and this keeps transaction costs down.
On the other hand, the fact that assessments for each landowner in
this pilot project were small means that transaction costs were high in
the sense that they made up a relatively large percentage of each trans-
action. Transaction costs of assessments under the pilot project include
conducting the Day of Review and calculating each parcel's land cover
and soil type composition. Other transaction costs include certifying,
monitoring and estimating the sediment burden on the drain of parcels
utilizing conservation practices.When the approach is applied to amore
costly project, transaction costs will decline sharply as a share of
assessments.
During the pilot project the costs of certifying conservation practices
was covered through a grant. Going forward, the VBCD and the Ofﬁce of
the Drain Commissioner are considering a fee-for-service model. Based
on an estimate of its costs, the VCBD offered a model in which it would
charge $500 per drainage district for landscape-level analysis and an
additional $50 per parcel certiﬁed for conservation practices. Clearly
these costs exceed the value of most assessments in the pilot project,
and they even exceed the potential savings from reduced assessments
in the typical-sized projects in Cranberry Drain and Kidney Drain,
described above.
Fairness
Giving landowners credit for practices they undertake to reduce
pressure on the drain, regardless of when they implemented them,not only makes sense from the perspective of beneﬁts derived; but it
also helps meet the fairness criterion. All agricultural landowners were
made aware of the Van Buren County pilot program and had the
opportunity to certify either existing or new practices. Going forward,
as the new apportionment formula is applied more widely, issues
around fairness are likely to arise. In particular, in a situation where
assessments are quite large, landowners might raise questions about
how the beneﬁts allocation portion of the assessment was calculated,
particularly regarding how different factors are weighted. It is
important to keep in mind that this formula will likely be ﬁne-tuned
as the system evolves.
Cost effectiveness
Finally, cost-effectiveness of the pilot program is questionable given
the low assessment reduction, the low participation rate, and the low
additionality. As mentioned, assessment reductions were minimal
($0.22 to $41.35). These small amounts cannot cover the cost of
implementing conservation practices and so on their own they will
not generate conservation investment. From this perspective the pilot
project cannot be said to be cost-effective. This would also be the case
for even larger drain maintenance projects as in Kidney Drain and
Cranberry Drain described above.
Financial viability
Redesigning the apportionment formula to more accurately reﬂect
the beneﬁt that each parcel derives from the drain is attractive, but
the discussion above demonstrates obstacles to doing so on in a cost-
effective manner, particularly in a small project. Several issues are
worth discussing in this context, one of which has potentially extremely
important implications for management of farmland nationwide.
First, even in the pilot project where the dollar amounts in question
are small, there are two reasons ofﬁcials in Van Buren County still
perceive drain assessments as having some degree of leverage in
encouraging adoption of conservation practices. One reason is that
practices are eligible for the lowermanagement factor even if the farmer
receives income for them from aprogram like CRP or EQIP. Regardless of
how the farmer pays for the practice, it reduces pressure on the drain
and thus should be eligible for a lower management factor. The other
reason is that of the ﬁve eligible practices, three of them – no-till,
cover crops and mulch-till – have sufﬁcient agronomic beneﬁts (such
as reduced need for fuel, enhanced soil health and increased water
retention) that many farmers are adopting them anyway, even without
any ﬁnancial incentive. It is conceivable that a farmer's decision about
whether to adopt such practices could be swayed by a small reduction
in the assessment, or even by the associated knowledge that the
practice is helping to maintain the common drain.
Second, as the scale of a project and scope of water quality problems
increase, making assessments more accurate becomes more important,
and it becomes easier to absorb the cost of attaining that accuracy. It is
important to consider the pilot project from that perspective. What
makes it interesting is not the speciﬁcs of how it operated in Van
Buren county per se, but rather the transformative potential it offers
for the future. The Des Moines Water Works suit against drainage
districts in northern Iowa provides a vivid example of why this is
important. It is not precisely clear what will happen if the suit is
successful, but broadly speaking it would likely expand the role of
drain managers, making them responsible for protecting the quality of
thewater that emerges from the drain into rivers and streams. Drainage
districts would discharge clean water or they would have to pay a ﬁne,
or perhaps contribute to the costs of water treatment downstream. If
that were the case, presumably drain assessments would rise to cover
these costs, and drain managers would have to determine how to
apportion the larger assessment. In such an event, it is easy to envision
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pilot project in Van Buren County, Michigan.
Expanding beyond the pilot project
Drainage ofﬁcials are legally obligated to provide the service of
removing water from the landscape to allow for agriculture and
development. Drainage laws in many Great Lakes states are designed
to ensure that the cost of providing that service is allocated based on
who beneﬁts from the service the most (“beneﬁts derived”). Drainage
laws in Michigan, Indiana (CBBEL, 1999), and Ohio (Brown and
Stearns, 1991) all allow a great deal of ﬂexibility in how apportionment
is calculated. The drainage ofﬁcials in all of these states have a great deal
of autonomy in determining themethod used to determine the amount
of beneﬁt derived by landowners. The ﬂexibility of the laws and the
authority of the drainage ofﬁcials allows them to adopt new methods,
like the one tested in this pilot study, without changes to the drainage
laws themselves or political support beyond their own county.
Although the service that drainage ofﬁcials provide has always been
the removal of water, it is clear that much of the cost of providing that
service stems from the amount of sediment that enters the drains.
This fact, combined with the ﬂexibility of drainage laws and the
authority of drain commissioners in Michigan, made it relatively easy
in the Van Buren County pilot project to connect the determination of
the beneﬁts a parcel derives from the drain to the amount of sediment
each taxpayer is likely to contribute. Incorporating the management
factor into the apportionment formula holds landowners responsible
for the amount of sediment they contribute and incentivizes adoption
of conservation practices. Although Michigan drain commissioners are
typically only concerned with water conveyance, this apportionment
methodology clearly demonstrates the possibility of working within
current drain law to address water quality as well.
In our case study, the water quality issues of interest were those
associated with sediment deposition – turbidity that degrades ﬁsh
habitat and particulate phosphorus that contributes to algae blooms.
From a legal perspective, it may be possible for drain commissioners
to assess on the basis of reducing these negative environmental impacts
as elements of beneﬁts derived from the drain; theMichiganDrain code
is sufﬁciently ﬂexible to deﬁne “beneﬁts derived” according to local
interests. For the time being, however, from a political perspective, in
agricultural areas beneﬁts derived are likely to be viewed merely in
terms of those beneﬁts that land parcels derive directly from the
drain, namely the ability to deposit runoff and sediment into them. On
the other hand, if political and legal conditions were to evolve such
that drainage ofﬁcials were required to meet a water quality standard
in their drainage districts, they could charge landowners for the costs
of meeting those standards — beneﬁts derived would become the
drain's service in absorbing not only excess water and sediment, but
also pollutants that a parcel deposits into the drainage system.
If the Des Moines Water Works were to win its lawsuit, the
concerned drainage systems in the three counties would be required
to ensure that the nitrate content of water entering the Des Moines
River meets acceptable nitrate content standards. Moreover, such an
outcome could establish precedent and lead to expanded water quality
requirements for drainage districts much more widely. If this were to
occur, it would be relatively easy to adapt the approach used in Van
Buren County to the situation in question. New technical tools would
be required for the case in Iowa in order to estimate the volume of
nitrates leaving the ﬁeld. Nitrates enter the drainage system via
subsurface drainage, whereas the technical tools in Van Buren County
only estimate sediment-borne nutrients that enter waterways through
surface runoff. But the point here is that the institutional arrangement
in Van Buren County provides a model that could be applied widely.
Even in advance of the outcome of the DesMoines case, a number of
drain commissioners in Michigan have expressed interest in applying
the approach piloted in Van Buren County in their own counties. Thiswas evident from the survey responses at the Michigan Association of
County Drain Commissioners Annual Winter Meeting presented
above, but also frommore recent inquiries from various drain commis-
sioners in the state and even drain ofﬁcials in Ohio and Indiana.
On the other hand, the approach will not expand to all counties,
at least under the current legal and political regime. Several factors
will play an essential role in determining whether and where drain
assessments can be linked to conservation practices, including the
autonomy of drain commissioners, local political sentiments and
technical capabilities. Where the local electorate is reluctant, or where
drain authorities have limited access to the technology required to
model the parcel-speciﬁc effects of conservation practices on sediment
deposition, such an approach will not emerge.
In counties where drain commissioners have expressed interest in
applying the piloted approach, the ﬁrst question is the extent to which
it can be viable without ﬁnancial assistance. The pilot project beneﬁted
from grant funding, whichmade it possible to research and develop the
methodology to calculate the management factor. It also paid for VBCD
staff time to do the BMP certiﬁcations and theGIS calculations necessary
for the other two apportionment factors (land use and need or hydric
soils). As mentioned, ofﬁcials in Van Buren County are moving forward
on the assumption that VBCD staff time for BMP certiﬁcations and GIS
calculations can be billed to the Ofﬁce of the Drain Commissioner and
included in the total project cost. They believe that addressing these
issues can be part of a comprehensive drain inspection program that
can become the norm in the future. To repeat from above, what is
most important about the Van Buren County Pilot Project is its potential
to transform thewaywe think about drain assessments and provide the
groundwork for accurate assessments as the stakes for agricultural
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